3
especially DHA, are relatively poorly oxidized (15) .
66
Fish larval stages are characterized by extremely high growth rates (10-100% per day; 16 ) and 67 intense organogenesis, which both imply high metabolic and membrane synthesis demands.
68
Therefore, it has become clear that increased attention should be given to the balance between EFA species for aquaculture diversification in the South of Europe (17, 18) , this species is also unique 75 amongst cultivated carnivorous marine fish species, given the particularly low LC-PUFA 76 requirements observed during the larval and post-larval stages (9, 10, 19) . This was recently explained at 77 a molecular level by the cloning and functional characterization of a fatty acyl desaturase with ∆4 78 activity (∆4fad) and a fatty acyl elongase (elovl5), which together provide Senegalese sole with the 79 enzymatic machinery required for DHA synthesis from EPA (19) . This discovery shortly followed the 80 first description of a fatty acyl desaturase presenting ∆4 activity in a vertebrate species, also in a 81 marine fish, the herbivorous rabbitfish Siganus canaliculatus (20) . However, neither of the previous 82 studies could demonstrate whether the pathway is active in vivo (19, 20) . 83
16-20 h. The fatty acid methyl esters (FAME) obtained were purified by thin-layer chromatography
126
(TLC) and visualized with iodine in chloroform (1%, v/v) (22) . FAME were separated and quantified 127 using a gas chromatograph (Shimadzu GC 2010) equipped with a flame ionization detector (280 ºC)
128
and a silica glass capillary column (SupraWax-280; 15m x 0.1 mm I.D.). The initial oven 129 temperature was 100°C, raised to 250°C (at a rate of 20ºC min -1 ) and maintained at this temperature 130 for 8 min. FAME were identified using standard mixtures (C4C24 and Mehaden oil by Supelco,
131
Sigma-Aldrich, U.S.A.) as reference.
132
Tube feeding procedure and metabolic trial 133 To examine the absorption and metabolism of DHA, a tube feeding trial was conducted with 134 larvae at 30dph using [1-14 C] DHA (1.48-2.22GBq/mmol in ethanol, 37x10 -6 GBq/ml, American metabolic trap (5 ml 0.5 mol/1 KOH) (23) . In order to determine body retention of the label, whole 6 larvae were sampled and dissolved in 0. tube fed minus evacuated).
157

Expression of fatty acyl desaturase and elongase genes by real time quantitative PCR (qPCR)
158
In order to analyze the expression of genes involved in the LC-PUFA biosynthesis pathway,
159
samples of 10 post-larvae per tray were collected into RNALater (Sigma-Aldrich, USA) at 31dph.
160
For RNA extraction, samples were transferred into 2-ml screw-cap tubes containing 1ml of TRIzol ef1a1 and hence expression of the target genes was normalized using a factor calculated by geNorm 187 for the average expression of these two genes (26) .
188
Statistical analysis
189
In order to examine the effects of "lipid source" and "DHA level" results were analyzed by two-
190
way ANOVA. Whenever an interaction was detected between the two factors, or if the "DHA 
194
Results
195
The different dietary treatments led to significant differences in terms of growth and survival (Figs. 196 1 and 2). With regards to growth, both lipid source and DHA level induced significant differences
197
(P < 0.001), with dry weight being higher when larvae were fed olive oil-based diets and also
198
increasing significantly with DHA level. Hence, the significantly highest growth was achieved in 199 larvae fed olive oil/high DHA, and the lowest was in larvae fed soybean oil/low DHA, while no 200 significant differences were found between the remaining treatments. In terms of mortality, only
201
DHA level had a significant effect (P < 0.001) and the lowest mortalities were obtained with the 202 two high DHA treatments, irrespective of lipid source.
203
The FA compositions of the dietary treatments (enriched Artemia; Table 1) increased. In addition, in comparison with the low and medium DHA treatments, the high DHA 8 treatments presented generally lower levels of saturated FA and stearidonic acid (18:4n-3, SDA), 213 and higher levels of OA, LOA, and LC-PUFA including ARA, EPA, DPA, 22:5n-6 and DHA.
214
The FA compositions of the post-larvae generally reflected their diet, but there were some 215 interesting deviations (Table 2) . Larval DHA levels showed significant differences between 216 treatments but, overall, were higher than would be expected based on diet composition. In larvae 217 fed the olive oil treatments, the DHA level was significantly higher in the high DHA treatment but 218 the highest level of larval DHA was obtained in the soybean oil/low DHA treatment. The EPA 219 content showed a similar tendency but was less marked with fewer significant differences. The 220 soybean oil/low DHA treatment was the one that least reflected the diet composition, showing much 221 lower levels than expected of ALA and SDA and higher than expected levels of all LC-PUFA 222 including EPA, DPA and DHA, as well as of ARA and 22:5n-6.
223
The tube feeding trial revealed no significant differences between individual treatments in 224 absorption, retention and catabolism of the DHA radiotracer (Fig. 3) . However, two-way ANOVA 225 indicated a significant effect of oil source in DHA retention, which was generally higher in larvae 226 fed the soybean oil treatments (P=0.029).
227
A significant effect of DHA was observed in the expression of ∆4fad (P < 0.001), which was down-228 regulated by increasing levels of dietary DHA, irrespective of the oil base (Fig. 4) . In contrast, no 229 significant differences between treatments were observed in the expression of elovl5, despite a 230 significant interaction between the two factors (P=0.040) with a trend for higher expression in 231 larvae fed the olive oil/high DHA and soybean oil/low DHA treatments. Lipids have multiple key roles including being major sources of metabolic energy, critical 236 components maintaining the structural and functional integrity of cell membranes, and precursors of 237 important metabolites such as eicosanoids (27) . However, in the context of larval fish nutrition, and
238
given that the main bottleneck in rearing marine fish is the poor nutritional quality of live prey 239 commonly used as feeds in hatcheries (28) , most research has focused on increasing dietary levels of 240 EFA, particularly DHA, and many commercial products are available for this purpose. However, 241 the use of different enrichment products, which differ in physical form, ingredients and nutrient 242 composition, has led to variable results both between related species as well as within the same 243 species (29) (30) (31) (32) . It has long been suggested that not only total levels of EFA, but also the ratio between 244 them should be considered and, furthermore, more attention should be given to the balance between 245 levels of LC-PUFA and energy-yielding FA (4) . This area of research is challenging and generally 9 little progress has been made due to the fact that marine fish larvae do not accept or perform well on (36, 37) . Furthermore, Sprecher and co-workers in the early 1990s revealed a Δ4-282 independent pathway for DHA synthesis, involving two sequential elongations of EPA to 24:5n−3 283 followed by Δ6 desaturation and limited peroxisomal β-oxidation (38, 39) ,which for long remained the 284 only accepted mechanism for DHA biosynthesis in vertebrates (Fig. 5) precursors. This appears to be tightly regulated given that biochemical signs of desaturation and 347 elongation of C 18 PUFA, associated with the highest up-regulation of ∆4fad transcription, were only 348 observed in post-larvae fed the dietary treatment (soybean oil/low DHA) with lowest DHA, highest 349 ALA, and also high LOA.
12
It should be noted that the other enzyme involved in the LC-PUFA biosynthesis pathway and Fig4. Absorption (dark), retention (dark grey) and catabolism (light grey) of DHA in Senegalese sole larvae tube-fed 14 C-DHA at 30 DAH. Soybean oil lead to a significantly higher DHA retention than olive oil (two-way ANOVA, P= 0.029).
Fig5. qPCR results for elongase elovl5 (grey) and desaturase d4fad (black) enzymes in larvae fed olive oil (a) and soybean oil (b) treatments. Results were normalized using two genes; ELF1A1+RPSA, with D-T4. Letters mean statistical differences in d4fad values due to treatments, elovl5 did not show significant differences (one-way ANOVA; Tukey test; P<0.05). 
